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(54) [ Title of the Invention ] Anti-Human Proto-Oncogene Product Monoclonal 
Antibodies, and Hybridomas Producing Them 

[ Claim 1 ] Monoclonal antibodies, for which the corresponding antigen is a human 
proto-oncogene erbB-2 product, the antibodies being produced by hybridomas obtained 
by the fusion of myeloma cells and animal antibody-producing cells for which the 
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immunogen is cells expressing a human proto-oncogene erbB-2 product on the cell 
surface. 

[ Claim 2 ] Monoclonal antibodies according to Claim 1, that belong to the IgM 
subclass and react with SV-1 1 cells, but do not react with NIH3T3 cells. 

[ Claim 3 ] Monoclonal antibodies according to Claim 1, that belong to the IgG 
subclass and react with SV-1 1 cells, but do not react with NIH3T3 cells. 

[ Claim 4 ] Monoclonal antibodies according to Claim 2, produced by the hybridoma 
registered with the accession number FERM 10162. 

[ Claim 5 ] Monoclonal antibodies according to Claim 3, produced by the hybridoma 
registered with the accession number FERM 10777. 

[ Claim 6 ] Hybridomas that produce monoclonal antibodies according to any of 
Claims 1 through 5. 

[ Claim 7 ] The hybridoma according to Claim 6, registered with the accession 
number FERM 10162. 

[ Claim 8 ] The hybridoma according to Claim 6, registered with the accession 
number FERM 10777. 

[ Detailed Description of the Invention ] 
[ Field of Industrial Application ] 

The present invention relates to novel monoclonal antibodies and the hybridomas 
for producing them. The monoclonal antibodies of the present invention can be used as 
agents for the diagnosis and treatment of adenocarcinomas, particularly breast cancer and 
gastric cancer. 
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[ Prior Art ] 

Much research has been undertaken to develop methods for the diagnosis and 
treatment of cancer. It has become increasingly clear that abnormalities such as damage 
to chromosomal DNA are a starting point of cellular cancerization. DNA abnormalities 
can be broadly divided into two categories. One type of abnormality results in the 
deficient function of specific genes, causing the cancerization of cells. The other is a kind 
of abnormality where the functions of specific genes change opportunistically with the 
cancerization of cells. Those causing the latter type are referred to as oncogenes. There 
are about 40 types of specific genes thus far known. 

Discovered in 191 1, the Rous sarcoma virus is a typical virus that causes cancer 
by infecting chickens. It was only relatively recently that the carcinogenic function of the 
virus was attributed to the src gene on the viral genome. 

Dramatic progress has been made in the field of cancer research since then, 
including the discovery in 19767 [sic] by D. Ste[h]elin et al. of a gene homologous to src 
on the chromosomes of normal chicken cells. Oncogenes such as yes, erbB, fps, abl, and 
ras have been identified through the molecular biological analysis of several other RNA 
tumor viruses, but these viral oncogenes have all been shown to derive from cell-derived 
proto-oncogenes (c-onc), similar to src. 

These c-onc ordinarily show no carcinogenic activity while present in normal 
cells, but do manifest the traits of oncogenes when expressed upon incorporation to the 
genome of an RNA tumor virus. 

Although normal cells function to sustain life through differentiation and 
proliferation, proto-oncogenes are known to be intimately associated with cellular 
differentiation and proliferation, and are expected to lead to the development of ways to 
diagnose and treat cancer directly related to the mechanism of cancerization. 
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The inventors have undertaken research using molecular biological techniques to 
study the functions of proto-oncogenes (c-onc). As already reported, genetic cloning of a 
human cell-derived proto-oncogene (human c-erbB gene [)] has resulted in the discovery 
of the novel human proto-oncogene erbB-2 (human c-erbB-2) (Semba et al., PNAS 82, 
6497 (1985), and Yamamoto et al, Nature 319, 230 (1986)). 

Human c-erbB-2 is a gene with extremely high homology for human c-erbB 
which is known to derive from the epidermal growth factor (EGF) receptor gene. The 
gene product has tyrosine kinase activity specifically phosphorylating protein tyrosine 
residues. Although human c-erbB-2 is also considered a type of receptor occurring on the 
cell surface, similar to human c-erbB, no ligand has yet been identified. However, it is 
entirely possible that the overexpression of growth factor having tyrosine kinase activity 
plays some role in the onset of cancer. It is in that light that the inventors prepared DNA 
from surgically excised cancer tissue for hybridization with DNA specific to the c-erbB-2 
gene in order to test such assumptions. Their studies of the human c-erbB-2 gene 
revealed an approximately 20% amplification of epithelioglandular cancers such as 
gastric cancer and breast cancer. This means that human c-erbB-2 is implicated in the 
onset and development of adenocarcinomas, and provides crucial information for the 
diagnosis of adenocarcinomas. 

In relation to the expression function of erbB-2, the rat c-erbB-2 gene (neu) is 
known to have a point mutation (Weinberg et al., Science 235, 177 (1984); Nature 319, 
226 (1986); Nature 319, 230 (1986); and Cell 45, 649 (1986)), but neu was discovered as 
a gene causing cancer in cultured cells from tumors induced by the administration of ethyl 
nitrosourea, a chemical carcinogen, to rats. 

Although the abnormal expression of erbB-2 in tumor tissue can provide 
diagnostic information on increases in copy number in methods for DNA detection, this is 
not a common method for diagnosing cancer, and the information it provides is limited to 
that at the level of DNA. 
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If it were to prove possible to obtain monoclonal antibodies using a gene product 
of human c-erbB-2 as the corresponding antigen, such antibodies could be useful for the 
diagnosis and treatment of adenocarcinomas such as breast cancer and gastric cancer. 

[ Problems Which the Invention Is Intended to Solve ] 

An object of the present invention is thus to provide monoclonal antibodies using 
gene products of human c-erbB-2 as the corresponding antigen, as well as hybridomas for 
producing such antibodies. 

[ Means for Solving the Abovementioned Problems ] 

When antigen has been isolated, it is a relatively simple matter to prepare 
monoclonal antibodies using that antigen as the corresponding antigen in accordance with 
the common method of Kohler and Milstein, but as no gene product of human c-erbB-2 
has yet been isolated, the preparation of monoclonal antibodies using such corresponding 
antigen must be considered problematic. As a result of extensive research, the inventors 
have perfected the present invention by successfully developing vectors containing the 
human c-erbB-2 gene and transforming mouse fetal fibroblasts in these vectors so as to 
prepare cells that efficiently express human c-erbB-2 (the human c-erbB-2 gene product 
is on the cell membrane), and by successfully preparing hybridomas that produce such 
monoclonal antibodies for which the corresponding antigen is the human c-erbB-2 gene 
product by fusing myeloma cells with antibody-producing cells of animals immunized 
with the gene product as the immunogen. 

That is, the present invention is intended to provide monoclonal antibodies which 
are produced by hybridomas obtained through the fusion of myeloma cells with animal 
antibody-producing cells for which the immunogen is cells expressing a human c-erbB-2 
product on the cell surface, as well as hybridomas producing such antibodies. 
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[ Merits of the Invention ] 

The present invention provides monoclonal antibodies, for which the 
corresponding antigen is a human c-erbB-2 gene product, the antibodies being produced 
by hybridomas obtained by the fusion of myeloma cells and animal antibody-producing 
cells for which the immunogen is cells expressing a human c-erbB-2 product on the cell 
surface, as well as the hybridomas producing such antibodies. The corresponding antigen 
of the monoclonal antibodies in the present invention is a proto-oncogene c-erbB-2 gene 
product. In light of the significant occurrence of cases involving the amplification of the 
human c-erbB-2 gene in patients with adenocarcinomas, as noted above, the monoclonal 
antibodies of the present invention can be used to check the expression of the human 
c-erbB-2 gene in order to diagnose adenocarcinoma. The monoclonal antibodies of the 
present invention can also bind human c-erbB-2 gene products by means of an antigen- 
antibody reaction to inactivate the human c-erbB-2 gene products, for the treatment of 
adenocarcinomas. 

[ Detailed Description of the Invention ] 

As noted above, the corresponding antigens of the monoclonal antibodies of the 
present invention are human c-erbB-2 gene products, with which a specific antigen- 
antibody reaction is brought about. The corresponding antigens of the monoclonal 
antibodies in the present invention are substances that have not been previously isolated. 
That is, they can be produced only by using cells prepared by the inventors as 
immunogen. As described below, the monoclonal antibodies of the present invention 
undergo an antigen-antibody reaction specific to human c-erbB-2 gene products. 

The monoclonal antibodies in the present invention can be obtained in the 
following manner. 

Recombinant DNA incorporating the human c-erbB-2 gene in a vector, capable of 
growing in animal cells and of transforming animal cells, is first prepared. The inventors 
selected the pBR322 vector to construct pS VerB2 recombinant DNA, where the DNA 
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(bases 38 to 4466) of the 4409 bp human c-erbB-2 gene is ligated using Hind III linkers, 
by way of an SV-40 transcription promoter (base sequence 270 through 5171 of the SV 
ori domain) and base sequences 1782 through 2771 and 4100 through 4710 of SV-40 
DNA (including a poly A signal), fore and aft, to the vector. 

The resulting recombinant DNA is then introduced into suitable animal cells, such 
as mouse fetal fibroblasts, to transform the animal cells, and cells expressing the human 
c-erbB-2 gene are selected for use as immunogen to produce the monoclonal antibodies 
of the present invention, allowing cells expressing the human c-erbB-2 gene on the cell 
surface to be obtained. The inventors introduced the aforementioned pSVerB2 by 
calcium precipitation in accordance with the usual method into mouse fetal fibroblast 
NIH/3T3 (ATGC Accession No. CRL-1658), and established the SV-1 1 line by 
screening. The SV-1 1 line was registered with the accession number FERM 10197 at the 
Life Sciences Research Institute (FERM) in the Ministry of Industrial Technology. 

Hybridomas were then prepared by fusing myeloma cells in the usual manner with 
the antibody-producing cells of animals immunized using as immunogen the cells 
prepared above. Hybridomas producing monoclonal antibodies for which the 
corresponding antigen was a human c-erbB-2 gene product were selected. These can be 
selected, for example, by the fluorescent antibody method in the usual manner, selecting 
hybridomas producing NIH3T3-negative antibodies (SV-1 1 wild strain) that are positive 
for the cell line SV-11. 

The monoclonal antibodies of the present invention can be harvested from the 
culture supernatant of the cultured hybridomas. 

[ Examples ] 

The present invention is illustrated in further detail below in the following 
examples, but the present invention is not limited to the following examples. 
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Example 1 



Preparation of monoclonal antibody-producing hybridomas 

(i) Preparation of SV-1 1 line 

In order to obtain a cell line with high expression of the human c-erbB-2 gene, the 
inventors selected animal cell expression vector pS V2 to prepare DNA incorporating the 
c-erbB-2 gene in the vector. The vector had the SV40 virus transcription promoter (base 
sequence 270 to 5171 in the SV40 ori domain) and a poly A signal site (base sequences 
1782 to 2771 and 4100 to 4710 of SV40 DNA). A c-erbB-2 gene fragment cleaved with 
Smal and Aha3 from the cDNA of the human c-erbB-2 gene and ligated to the vector 
with HindlH linkers was incorporated at the Hind EI site downstream of the transcription 
promoter. The vector was designated pSVerbB-2. Figure 1 shows the gene map. 

The resulting recombinant DNA pS VerbB-2 was then introduced using calcium 
phosphate to mouse fetal fibroblast NIH3T3 (ATCC No. CRL-1658) to transform the 
cells. A line expressing the human c-erbB-2 gene was screened by DNA hybridization 
from the transformed NIH3T3 cells to establish the SV-1 1 line (PERM 10197). 

(ii) Sensitization of mice 

The aforementioned cell line SV-1 1 was cultured in DME medium supplemented 
with 10% fetal calf serum, the cells were stripped with 0.05% EDTA and washed five 
times with phosphate-buffered saline, the cells were then collected by centrifugation 
(1000 rpm x 5 min), and the cell count was adjusted. 

1 x 10 7 cells of the SV-1 1 line were intravenously injected to the caudal vein of 
4-week old male BALB/c mice, followed at 2-week intervals by two to four 
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intraperitoneal or caudal vein boosters of 1 x 10 cells of the SV-1 1 line. The increase in 
the antibody titer against the immunogen was monitored during immunization. 

(iii) Cell fusion 

Spleen cells were aseptically harvested from mice with high antibody titers 3 days 
following final immunization, and were sorted into single cells using a stainless steel 
mesh. 8-azaguanine-resistant myeloma cells X-63 (G. Kohler and C. Milstein, in Nature 
256, pp. 495-497 (1975); obtained from ATCC) were mixed in an amount 1/10* that of 
the spleen cells. After washing and salting out, 1 mL of 50% polyethylene glycol 
(average molecular weight 1500) was added to the cell pellet before fusion was carefully 
undertaken. 

The fused cells were then aliquoted 0.1 mL at a time in a proportion of 1 x 10 6 
cells to 96-well microplates. The microplates were carefully cultured by serum-free 
media selection in incubators at 5% CO2 and 37°C (100% RH), giving hybridomas. 

(iv) The selected hybridomas were immediately cloned repeatedly by limiting 
dilution. The culture supernatant of stable hybridomas after five courses of cloning was 
allowed to react with cells in normal human peripheral blood. Lymphocyte-negative and 
monocyte-negative clones were designated SV2-61 and SV2-61y, respectively. Ascites 
were prepared with hybridomas producing monoclonal antibodies SV2-61 and SV2-61y 
(hybridomas SV2-61 and SV2-61y) by the method of Preston using BALB/c mice. 
Hybridomas SV2-61 and SV2-61y were registered at FERM with the accession numbers 
PERM 10162 and FERM 10777, respectively. 
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Example 2 

Characterization of Monoclonal Antibodies SV2-61 and SV2-61y 

(i) Immunoglobulin subclass 

The immunoglobulin subclasses of monoclonal antibodies SV2-61 and SV2-61y 
were identified by the Ouchterlony method as mouse IgM and mouse IgG, respectively. 

(ii) The monoclonal antibodies SV2-61 and SV2-61y were immunogen SV-1 1- 
positive and wild NIH3T3-negative. This was tested in the following manner. That is, 
2 x 10 3 SV-1 1 cells precultured on microplates were allowed to adhere to the above 
microplates and were fixed with formalin PBS. The addition of 20 culture 
supernatant to the cells was followed by the fluorescent antibody method in the usual 
manner on the microplates, followed in turn be screening for positive hybridomas. This 
was followed by flow cytometry of the positive cells (10 6 cells) in the usual manner by 
the fluorescent antibody method. The results are given in the flow cytograms in Figures 2 
and 3. Figure 2 shows the results for monoclonal antibody SV2-61, while Figure 3 gives 
the results for monoclonal antibody SV2-61y In Figures 2 and 3, N represents the 
negative peak, and P represents the positive peak. 

Results were similarly positive with the established cell line MKN-7 established 
from gastric cancer tissue, which is known to be expressed (about 30 copies) by erb-B2 
(S. Fukushige et al., Molecular and Cellular Biology, Mar. 955 (1986); from the Anti- 
tumor Dept. of the Medical Laboratory at Tokyo University). 

(iii) Molecular weight of antigen 

The molecular weight of the antigen was determined by a combination of 
immunoprecipitation and electrophoresis. NIH3T3, SV-1 1, SV227 (a line expressing the 
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c-erbB-2 gene), and the aforementioned MKN-7 cells were used. Confluent cells in 6 cm 
Petri dishes were cultured for 4 hours in methionine-free DMEM and 100 (lCi of 
35 S-methionine to label the cells with the 35 S-methionine, and they were solubilized with 
RIP A buffer. To these were added jig [sic] monoclonal antibodies SV2-61 or SV-61y, a 
reaction was brought about while cooled on ice, and precipitation was brought about with 
Protein A Sepharose (registered trademark). Following about 2 hours of electrophoresis 
at 30 mA on 8% polyacrylamide gel, the gel was dried for subsequent autoradiography. 

Proteins undergoing antigen-antibody reaction with monoclonal antibodies S V2- 
61 or SV-61y were confirmed by a single band at the 185 kD molecular weight position. 
That is, the main band was found at the 185 kD position with MKN-7, SV227, and SV-1 1 
cells. This was consistent with the estimated molecular weight of the antigen based on 
the base sequence of the human c-erbB-2 gene. As a negative control, the same 
operations were done with NRS normal rabbit serum, but no band showed up at 185 kD. 

(iv) Tyrosine kinase activity 

Immunoprecipitation of SV-1 1 cells with monoclonal antibody SV2-61 confirmed 
tyrosine kinase activity at the 185 kD molecular weight site, suggesting that monoclonal 
antibody SV2-61 reacted with c-erbB-2 gene products as antigen. 

Example 3 

Diagnosis of Adenocarcinoma 

Tumor tissue excised during surgery from patients with varying types of tumors 
were stained by tissue dyeing (formalin-fixed paraffin slices) using monoclonal antibody 
SV2-61 of the present invention. The results are given in the following table. The table 
shows that monoclonal antibody SV2-61 reacted specifically with adenocarcinoma. It is 
thus a monoclonal antibody ideally suited to the diagnosis of adenocarcinomas. 
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Table 



Tested cancer 


Number 


Positive 


tissue 


detected 


Number detected 


Positive rate (%) 


Esophageal cancer 


4 


3 


75 


Gastric cancer 


11 


2 


18 


Pancreatic cancer 


1 


1 


100 


Renal cancer 


3 


1 


33 


Vesical cancer 


5 


2 


40 



[ Brief Description of the Figures ] 

Figure 1 is a gene map of pSVerbB2, the recombinant DNA used to prepare the 
monoclonal antibodies of the present invention. Figure 2 comprises flow cytograms 
showing the reactivity of monoclonal antibody SV2-61 in the present invention. Figure 3 
comprises flow cytograms showing the reactivity of monoclonal antibody SV2-61yof the 
present invention. 

Figure 1 




[Key for Fig. 1: A: SV40 promoter; B: SV40 fragment containing poly A signal; 
C: pSVerbB2 plasmid] 
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Figure 2 
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[same for all three figures] 

[vertical axis] Corresponding cell line 

[horizontal axis] Fluorescent intensity 



[in top left box] Cell:SV-ll 

Monoclonal antibody: 2-61 
[in top right box] Cell: NIH3T3 

Monoclonal antibody: 2-61 
[in bottom box] Cell: MKN7 

Monoclonal antibody: 2-61 
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Figure 3A 
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Figure 3B 
MKN7 
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Figure 3C 

NIH/3T3 
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[same for all four figures] 
[vertical axis] Cell count 

[horizontal axis] Fluorescent intensity 
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h- c - erbB - 2 Sttftttfli "T 3 & © T- ft 

€^^D-t;btt^ f&M£tt3*lTl^&V^«m&** 20 

jfoi/ySfc-TS*)©-??**. "T'Eet)*). #SSi»#£fc«fco 

C, ^i©*; ^D— ^Hfiffctefc r c-erbB- 2 31 

t h c-erbB- 2 ae^S^^ — fcffliZk^ 

m.-r%o *%B^#e>H: x ^^^-hbTpBR322S:Sir. 
£©^*— C4409igS*f©l: b c -erbB- 2 51^?-© 
DNA Og38#B©Jga~Sg4466#g©JM*) HHind III 
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-6l7fco^T©IS**jiV*-. ^20S^3i 
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-7 (;fci&:S.Fukushigei=>. Molecular and Cellular B 50 



153* 2 7 6 1 5 4 3 

8 

iology,Mar.955 (1986) , JKft*9Efb^ftBTiHtta 
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